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INTRODUCTION. 
A brilliant claiisic:al work by Muller in 1927 
and 1940 established clearly the mutagenicity of 
x-rays for the first t.irne. This, and other subsequent 
studies in ionising radiations confirmed a 
relationship betv;een production of lethal mutations 
and structural changcjs In chromosomes. Similar 
effects \^7ith chemicals wsre no less. Mustard gas 
and its related compounds had been found to induce 
germinal mutations (A-uertach and Robson / 1947), 
Haddow and his associate's (1948) reported aryl-2 
halogeno-alkylamines- induced cytotoxic properties. 
Another group of comcouncs - radiomimetics, have 
similar biological effects as in ionising radiations 
but necessarily not through the same mechanisms. 
An extensive classical series of observations by 
La Berque is the cas 2 in point (1960, 1961, 1962 
and iQfi^)- Wpidhas and his associates (1961) showed 
a specific mutagenic effect, in addition to induced 
seterility. More recently 2,4-Dichlorophenoxyacetic 
i 
acid (2,4-D) has been so widely used that a separate 
account is warranted (for brief information of 2,4-D 
please see Box I) . 
In modern gricultural technology 2,4-D is used 
in high concentrations as a herbicide to control 
weeds. However, in lov<7 concentrations/ it can also 
be used as a growth regulator in tissue culture 
expecriments. An increaaiig importance of herbicides 
during the last three decades can best be illustrated 
through the figures shown in Box-2. Between 1940-50 
chemicals other than 2,4-D used as insecticide and 
fungicide/ dominated the sales; the picture changed 
after 1960. The use of 2,4-D as herbicides began 
to exceed the combined Sciles of other insecticides 
and fungicides. This fac^ tor alone contributed the 
beginning of a rther more comprehensive studies on 
2,4-D in the new role of a mutagen or chemosterilant. 
By that reckoning the toxicological evaluation 
of 2,4-D was not so elaborate during second world 
war; the importance of 2,4-D for agriculture and 
forestry resulted in a report, notably about their 
mode of action (Bamberger, 1970; Ashton et. al , 
1973; Loos et . al , 19"; :'>; ^ U^ gler et . al , 1977). Among 
the toxicological properties investigated. 
BOX 1. 
SOME hVFORMATION ABOUT 2,4-D 
PHYSICAL; 
Batch No. i;:9/18?/1612 
Molecular Wei|;'a1 : 221.0 
Melting point : 14 3' 5°C 
CHEMICAL; 
The 2,4-D molecule cons i s : of a subs t i t u t ed phenyl nucleus to which 
an alkanoic acid s ide chain Is a t t ached via an e t h e r oxygen. It is p r e p a r e d 
by the react ion of an a p p r o p r i a t e l y subbs t i t u t ed phenol with a halogen 
alkanoic a c i d . 
2 ,4-Dichlorophenol i s firs ' ; neut ra l ized with sodium h y d r o x i d e and 
is then reac ted at elev;iled t empera tu res with sodium ch lo roace t a t e . 
Synthetic path ways for 2,4-1) io rna t ion a r e : 
ONa+Cl-CH^-COC'Ne. 
Na sa l t 
of 
phenbl ^ 
-NaCl 
Sodium Chloro 
a c e t a t e 
CI 'Z ^ O-CH^-CGONa -<-
CL 
-2HC1 
Ss^  Sodium Chloroacetat; 
- NaCL 
1\ 
0 -CH^ 0 » H 
- 0 _ _ _ ^ 0Na+Cl-CH2-COONa 
Na sa l t of Sodium chloro 
phenol a c e t a t e 
^- NaCl 
Or- nH2-C00Na 
+2C1. 
2, l-DichlorojiTiMioxyficetic ac id (2 ,4-D) 
BOX 2 
PRODUCTION AND SALES OF 2 ,4 -D AND MHUR : ERBICIDES IN COMPARISON WITfl 
OTHER ORGANIC PESTICIDES ( G r a n s t r o i r , 1977; lARC, 1977; Kay, 1973; Maier-
Bode, 1971; vlark , 1969). 
US Produc t ion (t ons) 
,,., , . . Syn the t i c 
, , ,., , , ,, Other I j i s fc t i - ' , U.AK <;,4-U , . J J o r g a n i c 
194i 
;95U 
i960 
19o4 
1965 
I9b7 
I ^tii 
I''0-1 
U>70 
1 u y i 
herbicides cides 
450 
5 600 
15 500 
23 800 
3t) uOO 
19 liOO 
20 000 
2 7 OCO 
30 000 
15 200 
42 800 
107 000 
124 000 
206 000 
215 000 
248 000 
256 000 
p e s t i c i d e s 
296 000 
400 000 
480 000 
545 000 
506 000 
a - V\e'^ * Germany 
b - Sweden. 
iJse ( t ons ) 
other 
herbicides 
_U5_ 1 P .j o n i I 1 i c> n $) 
640 a 
3950 a 
4 5 0 0 a 
3400 I) 
. l e r b i -
c l d e s 
200 
1350 
insect 1 
c ides 
600 
i u n y l -
c i d e s 
450 
505 
575 
301 
335 
375 
56 
60 
65 
mutagenicit/ studies occAioy a fairly large share. 
In the account following Tenceafter , an effort is 
maoe to review the vai'ied mutagenic effects of 2,4-D 
in different organisms including plants. 
Leffler et . al^r3pcrted DNA polymerase activity 
of chro.Tiatin in soyabejan treated with 2,4-D. The 
suggestion of Mohandas (1972) anc"" Bayliss (1973) 
that 2,4-D induces mit-otii: abnormalities, is based 
on the fact that it produces mitotic aberrations 
in root tip cells v/hen used in high concentration 
50 um/ml and above. Some years later Tomking 
(1976) confirmed the 2,4-D induced chromosomal 
aberrations in differe;nt weed-species. The same 
chemical has also been found to be equally effective 
in causing an increase in gene conversion in yeast 
about the same time (Psri:^, 1973 and Siebert , 1974). 
Subsequent studies by Ronchi et . al (1976) in 
Nicotina glauca and Zetterberg et al (1977) in 
saccharomyces cerevi siee yeast and Salmonella 
typhimurium clearly established the cytological 
and genetic effects of 2,4-D. Other effects using 
the same chemical are: induction of morphological 
variations (Sharman, L978); Chlorophyll mutation, 
and pollen viability end points (Kumari and 
Vaidyanath/ 1989) eitier in plants or plants and 
animals both (Khalatka;: / 1S82). 
Mutagenic properties of 2,4-D in plants are 
numerous; in animals it in no less. Jenssen (1976) 
reported the cytogenetic effects in mouse blood. 
Tests in vivo performed by Yourchenko (1977) in mice 
induced chromosome bi'eak.iges. A spectrum of 
chromosomal aberration;; has been assessed in SV-40 
transformed human fibrc^ blcuits by sophisticated repair 
synthesis technique (Ahmed, 1977). However, all 
the reports are not poaicL/e. 2,4-D was not able 
significantly to influence DNA syntthesis in mouse 
tests (Seller, 1978). 
Reports of work done using 2,4-D in insects 
are few, much less in Diptera. Occasional studies 
appeared in late seventies. Vogel and Chandler 
(1974), Magnusson et. al (1977) and Rasmusson (1977), 
reported the broad mi.tagenic properties of 2,4-D; 
chromosomal abnormalities were also investigated 
(Vogel and Leigh, 1973). F.amell (1977) while working 
with this chemical concluded: there is no chromosome 
loss or non-disjunction or induced x-y recombination 
in males. All these stadias were made in Drosopila. 
Though considerable progress has been made 
in accumulating scientific knowledge with many 
mutagens during the last decade/ it is still 
appropriate to say that barring few reports from 
1960 to 1953 by La Breque , our lack of knowledge 
of mosquito genetics \7iLh respect to 2,4-D is the 
major gap in our nndorstanding of mosquitoes. 
Studies have however. r6:ached a point where the 
mosquito genetics is pv-^ o/iding solution of basic 
biological problems in health and medicine. 
Insecticide resistance and other problems with toxic 
chemicals have enhanced over appreciation of genes 
in mosquitoes and have stimulated research on genetic 
control or autocidal control. However, there is 
no real answer to the problems arising out of 
indiscriminate use of 2,4-D from genetic point of 
view. None has emerged since La Breque (1963). 
The present study therefore, assumes a 
significant importance as it is aimed to provide 
a background knowledge: genetic, cytogenetic and 
developmental/ in filarial vector Culex pipiens 
fatigans. Studies are broadly investigated along 
three lines: 
(1) Cytological effects of 2,4-D treated forms; 
types of chromosomal aberrations, estimates of 
frequencies of vacious abnormalities and their 
correlation, mitotic in3ex and micronuclei test. 
(2) Genetic effects of 2,4-D treated forms; induced 
mutations, inherii-.ance mechanism of de_ novo 
mutants and stetistical significance {</)) of 
morphological mutagenic..ty. 
(3) Developmental effects and reproductive potential 
of 2,4-D treated forms; developmental time of 
larval stages; observations on sterility and 
fecundity, LD 50 and lowest geneticallay 
effective concentrat.ion . 
MAIERIALS AND METHODS-
In all tvpes '~>f studies to exploit the 
develoDinental , cytoqenetic; and mutaqenic potential 
of 2,4-D, experiments were carried out in a 
homozyqous strain of Culex pipiens fat igans. 
The colony has been successfully maintained 
in the Genetics laboratory under controlled 
conditions of temperature (27 ± 1°C)/ relative 
humidity (SO ± 5%) and uniform liqht conditions. 
The strain which forms thi; basis of all experiments 
is thorouqly bred over 20 qenerations and is 
reasonably homozyqous fo" uniform reponse. The 
rationale to have su:h u strain was provided by 
VandeHey in 1964, where he? showed that the mosquitoes 
inbred upto 20 qenerations, 99% of the qene pairs 
become homozyqous- a prer {?qu isi t e in any authentic 
qenetic investiqation . 
A. Rearing techniques: 
Uniform rearin<:j techniques were employed 
wherever pertinent. The detailed rearinq techiques 
with modifications, to suit the local strain were 
followed and described as inder. 
Batches of we.l]-f€'C females when laid the 
egq-rafts, a qreat care vas taken to rear them as 
durinq a qeneral observation while workinq in the 
laboratory it was found that they are very sensitive 
even to minor fluctuations. Eqqs were kept in one 
litre beaker with fresh tao water for about 24-40 
hours. When a near coinp.'.et ion of hatchinq of the 
first instar larvae occurred, they were transferred 
to the enamel pans of 12" diameter. Approximately 
200-300 larvae were reared in one pan as recommended 
by Adhami (1964) to avoid over-crowding and thus 
avoidinq mortality in the process. Yeast tablets 
(Alembics, India) v/as found to be quite satisfactory 
and feedinq schedule was followed after Traqer (1935) 
in all the rearinq experiments of aquatic staqes. 
After the completion of larval development 
which takes about a week, pupae were picked up and 
kept in appropriate Wcicer-Ci 1 led beakers which were 
then transferred to caqes, wooden or steel framed-
the latter beinq a modified version; some of the 
features of steel caqes mav be mentioned here. 
These specially des'.qned caqes are of the 
size 24" X 15" x 15" which can hold approximately 
200 adults and are 5!uperior to old wooden caqes 
in not only having the capacity of holdinq more 
adults but are also partitioned; one section for 
mosquitoes and the otlTe?" one for animal provided 
for blood feedinq (usually albino rat), makinq the 
cumbersome process of blood feeding a continuous, 
spontaneous and ensurc-;d onenomena. Mosquitoes can 
enter the rat chamber for the blood meal as and 
when they so desirec , Each caqe is fitted by muslin 
cloth sleeve on one side to facilitate the entry 
of glucose pads, water; and a steel sleeve on the 
other side for trans J:-er ri nq food etc. to and from 
the rat chamber. 
All includinq first instar larvae for qenetic 
studies or fourth instar larvae for cytoloqical 
examinations followinq treatment with 2,4-D were 
maintained in similar uniform rearinq and feedinq 
conditions as describee ebcve. 
B. Dichlorophenoxyacetic PCid (2,4-D) treatment: 
Until recently =i (I t-he studies carried out 
in animals and plant;;-: adopted the single 
qeneration treatment ^n 1 its effects followed in 
successive qenerations. Kumari (1989) thus adopted 
the same technique in Allium root-tios as followed 
by Khalatkar and Bharcjva (1982) and Thimann (1951). 
Earlier studies by Anderson et- al (1972), Buselmeier 
et. al (1973)andSty]es (1973), demonstrated the 
cytoqenetic effects in IT ,i croorqanisms in the same 
pattern. In the year 1973, an extensive qenetic 
and cytoqenetic studied! ive're carried out by various 
workers; once aqain single qeneration treatment 
followed as a rule (Clreer. et. al, Payne, et . al, 
Ganqson et , al, and Berin et. al). 
The tenedencv c: rooairing the damage done 
to the qenetic material after therapeutic radiation 
exposure or chemica] m.utaqen treatment seen as a 
function of decreasinq fraction of abnormal cells 
in successive generation is clearly established 
(Voqel and Motulsky, 1982), Thus, the fractions 
of cells showinq ::icertric chormosomes, ring 
chromosomes and translocations usually decrease 
or remain more or less stable (Box 3 ) . 
This phenomena therefore cast aspersions if 
at all the permanent chanqe has really occurred. 
Present plan therefore differed from earlier studies 
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in not only exposing :lie living materials for three 
consecutive generations with a view to induce* 
relatively permanent changes and also to have an 
extensive information for more reliable comparative 
studies in all generation;; to highlight the general 
severity of different effects of 2,4-D. The general 
Dlan is shown in figure 1., 
For the preparation of various concentrations 
a stock solution of 1000 ppm was prepared. It was 
used for making various concentrations of 100 ppm/ 
75 ppm, 50 ppm, 25 ppm, and 1 ppm solutions- as 
shown in Table I. iiverv concentration was given 
through 10% yeast-glucose medium in two series of 
2 hours and 4 hours dur^ation. 
C. Method for cytoqenet ic studies: 
Fourth instar larvae which are suitable for 
cytological slides frcm the brain tissue (French 
et al, 1963), were eiiploved in the present study 
for the treatment with 2,4-1). 
The experiment was sterted treating one hundred 
larvae in each of the two replicates with two and 
Table 1 : PREPARATION DF 7ARI0US CONCENTRATIONS 
OF 2,4-D IN DISTILLED WATER 
o^ 1 o 1 X. • ,s-cc 1- Volume (c.c) 
Stock Solution Ditferent —^rr •, -=r^^—^ • T -,—^ 
1 n.r\rs ^ L. *. • Stock Distilled 1000 ppm Concentration c- T ^ • 
^^ , ,. Solution water (ppm)* 
Preparation: 1000 mg 100 100 900 
of 2,4-D ?5 75 925 
dissolved in 33 50 950 
1 litre of lb 25 975 
distilled water. L 1 999 
* ppm - 1 mg of 2,4-!D in 1000 c.c D.H^O 
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four hours duration rest'ect ivelv in each of the 
five concentrations. The apo-lication of 2,4-D was 
repeated in all the fou-th instar larvae of the 
next qeneraticn obtaine:] thereafter for three 
consecutive qeneratioTS. The strict controls were 
maintained throughout rha .itudy. 
Cytoloqical examina:ions which include mitotic 
index, micronuclei test, frequency of chromosomal 
abnormalities and qenel: ical ly effective concen-
tration, were done in one-fourth larvae saved for 
the puroose. Minor details of the procedure for 
the above studies are menttoned in the relevant chapter 
The cytoloqical preparations were made usinq 
three techniques i.e. squashinq technique (Rai, 
1963 • ) modified air-cryirq technique (Hunqerford 
1965, 1971) and acetir-acid-dissociated-air-dryinq-
technique (Crozier, 1963 ) . Althouqh former two 
techniques were tried (Fiqure 2), the last mentioned 
technioque was found to bv more satisfactory, hence 
widely used. The salient features of this tehnique 
are as follows: 
]. Brain was dissected out in 1% sodium citrate 
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solution under dissection microscope and left 
for 10-20 minutes. 
2. Dissected brain tissue was then transferred 
to acetic methanol 1:3; for 30 minutes. 
3. Fixed tissue was transferred on a clean warmed 
slide with a few drocs of 60 per cent acetic 
acid. It was macerated with bent pins later. 
4. For the reduction of cytoplasmic staininq the 
slides were placed in acetic-ethanol (1:3) for 
4 hours. 
5. The slides were immediately transferred to 4 
per cent aceto lact:.c orcein (Imai, 1966). 
6. A cover-slip was applied over the maceratedtissue 
and placed in incubator at 50°C for 1 hour. 
The slides were tran.sferred in acetic-ethanol 
to remove the cover slip. 
7. The slides were dehydrated by 95 per cent and 
absolute alcohol foi: 5-LO minutes each. 
8. For iaountiiig euparol is recommended, however 
a mixture of euparol and nail polish was used. 
This preserved the alide for a longer period, 
D. Determination of LD 50: 
LD 50, the hiqhesc concentration dose in which 
50 per cent of the larvae survive after 72 hours, 
were determined acccrdirq to the recommendation 
of Voqel and Leiqh (197 3). Ten observations of 
100 first instar larvae in each concentrations from 
100-1000 ppin of 2,4-[: were observed every 3 hours 
for a total of 72 hour;?. The mortality thus observed 
was recorded and used to • measuring the toxic and 
lethal effects. 
E: Method for dGvelopiri«.-ri'c a . Studies: 
All the detailf. pp^rtaininq to oreparation, 
concentration and tre.U;inent of 2/4-D were uniform 
in this set of studies, thouqh the stage for 
treatment was first instar larva unlike the 
cytoloaical studies. 
To observe the fscunc'iity, hatchability and 
aquatic development, . 0 trtches of 100 larvae each 
for all the five concentrations in two durations 
were made. Counts oC b ood - fed females, number 
of rafts laid and hatchability responses were 
maintained. A great cac? was exercised to have 
the uniform blood fsediiq; females, therefore, 
22 
starved for 24 hours w(?-e used prior to feedinq. 
To study the (Hfferences in oviposition 
behaviour, adults used were of uniform aqe of 72 
hours. To determine the time taken for oviposition 
by the fema.les in normal and treated series three 
hourly checks and re'cords were maintained. The 
variation of fecundi1:y was observed by counting 
the egqs deposited per female. These were further 
used in the calculation of hatchability by immersinq 
in water. 
Larval developmental time in immature stages 
in treated series were observed. Time to pupation 
and mortality were calculated and compared with 
normal . 
F. Method for genetic studies: 
Mutants were scught by visual examination 
of individual mosquitoes in treated strains. Virgin 
adults of both sexes were iinaesthetized with solvent 
ether (Industrial Solvents and Chemicals Pvt . Ltd.) 
and examined at 20x magnification with stereoscopic 
microscope. Any mosquito showinq morphological 
variation or atanorm;ility was isolated and mated 
with wild type virqir adjlt of opposite sex. The 
proqeny was examined tor parental variation. Traits 
reappearinq in subsequent generations were considered 
to be heritable and fv'.rther crosses were made to 
determine their mods ot inheritance. Crossinq 
exDeriments used in qe-net:c experiments were similar 
as used bv Ahmad (198C). 
The frequency d ;:S1M: .but ion of various mutants 
were ascertained in the treated series to know their 
general profile in coriSecjiivG generations in treated 
forms. Separate studies were conducted to analyse 
the test statistics ('P-./a I ues) for the mutaqenicity 
and lowest genetically effective concentration of 
2,4-D. 
G. Photomicroqcaphy: 
Slides disp.1 ay i iiq various chromosomal 
aberrations v;ere photoqrjpned usinq automatic Eroqval 
photomicrography equipncMil: . 
The mutants \.;st:e photoqraphed under the 
microscooe (PZO, WARSZ/WA, 7447) fitted with a camera 
(MIRAX LABREC), 35 mr , panchromatic miniature film 
(Forteoan, 160 ASA/23 D I N M , were used in both types 
of photoqraphy. 
RESULTS AND DISCUSSION-
CYTOGENETIC STUDIES: 
A. Chromosomal aberration: types and frequency: 
Evaluating the mutagenicity in any living organism 
is an important prerequisite to develop a broad spectrum 
mutagenic assessment prograii. This includes methods to 
evaluate chemical-inducsd chromosome alterations. 
The main objecti^^e o'. the present study was to 
evaluate the 2,4-D sensitivity in somatic chromosomes of 
mosquitoes by measuring the frequency of abnormalities 
in the progeny of three consecutive generations with 
respect to chromosome changes in structure and their 
number in treated form3. Tt was expected that stable 
chromosome aberrations if induced in somatic cells would 
be most likely effective equally in germ cells and hence 
transmitted to the offsprings. The present chapter 
describes the results c;: sonatic chromosomes studied in 
more than eighteen thousand cells. Direct examination of 
only well-dispersed and full complement chromosome 
spreads were scored for chromosomal alterations, along 
with their frequency (Table-2, Plate 1). 
As shown in plate 1 structural changes were 
TABLE- 2t b-REQUENCY AND SPECTRUM OF CYTCLOGICAL ABNORMALITIES INDUCED BY 2 , 4 - D . 
Genera t ion / Total r 11 ' N I Spectrurt of Abn i r m a l i t i e s Total F requency of a b e r r -
Concen t ra t ion / o b s e r v e d ^^^^^^^^^ ^"^^^ Acent- D i l e n - " a b e r r a - ant cel ls (%) b a s e d on ^^^^^8'= 
Duration c e l l s . ' t r i e s t r i e s ' • t i ons no.of d iv id ing c e l l s * ^ 
P j t C o 1130 985 43 b 22 43 2 73 
F ^ : C j 2 943 766 67 18 27 63 4 112 
Cj4 1234 982 81 31 66 69 4 170 
C252 756 610 57 28 37 57 2 124 20.32 " - ^ ^ 
C^j4 1039 794 94 29 52 37 2 170 
CjQi 847 622 61 23 51 73 4 151 
C5(,4 524 373 63 17 36 17 2 102 
C-,52 752 381 61 20 39 .4 3 116 
C754 1665 836 81 52 96 115 7 270 j^.<:v ^^ 
C,gg2 425 199 43 15 31 ' 7 3 96 
C,(,(,4 621 258 66 27 6:.. 1:4 5 149 
3987 2047 T l T ~ " l 3 1 26'5 Tu Yd" 7^"3'3" 
Cj2 1132 889 71 27 51 73 5 156 
Cj4 1367 1023 59 35 77 87 7 206 
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14 
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24 
27 
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32, 
48, 
57. 
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20. 
28. 
31. 
32. 
.41 
.62 
,31 
3  
.41 
.27 
.34 
.44 
.29 
.29 
,75 
54 
15 
11 
59 
39 
C252 692 1493 106 23 49 63 5 140 
^ 2 5 ^ '563 667 38 37 71 9-. 6 208 
CJQZ 715 426 89 27 49 5f 4 138 
- ...rji-i-iflfl 
5111 4533 408 146 30.1 3(1 26 836 
F jC 2 620 456 71 14 25 3i 5 82 17.98 
C 4 992 724 67 27 49 81 5 165 22.79 
C^^Z 559 387 105 17 41 51 4 113 Z9.19 
C 4 963 657 38 37 71 9'. 6 208 31.59 
C,„2 715 426 89 27 49 5- 4 138 32.39 
50 
C^j' 
^100 
3849 ' 2650 370 122 235 325 24 706 
GRANb 
TOTAL 
25. 
26.18 
18896 13989 1495 534 1058 1395 188 3075 27 .34 
Co- Cont ro l ; C- v a r i o u s concen t ra t ion in 1 ,25 ,50 ,75 and 100 ppm; S u p e r s c r i p t 2 o r 4 h r s t reatnnent; 
• - S t e r i l i t y . 
PLATE:!. 
Di f ferent types of chromosomal 
abnorma l i t i es in 2,4D t rea ted f o r m s : 
A, D i p l o i d y ; B , P o l y p l o i d w i t h 
s t i ckness ; C&D, Anaphase b r i d g e ; 
E; Acent r ic f ragments ; F, chromosome 
gap (g) and mic ronuc le i ( m ) ; 
G, mic ronuc le i in anaphase. (•>« i^oo). 
observed in chromosomes /;ith doses as low as 1 ppm. ThuS/ 
the total aberrations for d:.fferent types of abnormalities, 
corresponding to three generations are 112 (14.62%), 156 
(17.54%) and 82 (17.98%) respectively. However, when the 
treatment time was increased the corresponding frequencies 
170 (17.31%), 206 (20.15%) and 165 (22.7%) showed a clear 
increase in the aberrations when contrasted by controls 
(73, 7,41). The same pattern was repeated in all the 
concentrations v/here tlie frequency of aberrant cells 
excelled in four hourly treatment than two hourly. They 
are produced at any stage of their mitotic cycle. However, 
since the chromosomes ars dispersed during the interphase, 
chromosome observation^ were manifested during the 
metaphase and anaphase stage of the subsequent cell 
division. In one such i;tudy v;hen a comparative intensity 
was observed, a striking phenomenon was noted: the total 
per cent frequency of aberrant cells based on number of 
dividing cells showed th'S figures in increasing order from 
19.58%, to 26.78%. Sincf m F^ and F with 75 and 100 ppm 
concentrations in both duration, as also with 50 ppm four 
hour duration, complete ;3terility is induced, corresponding 
figures of aberrant cell;3 could not be studied. In F^  when 
these concentrations are excluded, the trend is not only at 
variance but also more contr,iSting. Above studies clearly 
show that the frequency of aberrant cells had a cumulative 
effect and the changes wure reltively permanent. 
The most commonly observed chrromosomal abnormality 
are chromosome breaks (Plate I). If a chromosome break 
occurs, the broken enc;3 frequently rejoin in a process 
called restitution and therefore, in all likelihood, no 
adverse effects on the cell is noticed. If a break does 
not heal, the end portions will remain as a detached 
chromosome fragments (Plate I). 
It is confirmed that 2.4-D can produce a high variety 
of fragments, deletion.s, rings, dicentrics, stickiness, 
polyploidy and many other types of aberrations, too 
numerous to be reviewed (Plate I). 
A closer observation of figure 3 showing the 
frequency of acentric and dicentric chromosomes in 
different doses and time int(;rvals showed an upward trend. 
In the present study, the phenomena of ploidy and 
chromosomal breakages not only showed the upward trend 
(Table-2) but also the selection pressure appeared to be 
favouring ploidy and breaks in treated forms. A study 
designed to show the correlation between polyploidy and 
chromosomal breakages (stmm.ai ized in Table-3 and Figure-4 ) 
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FREQUENCY OF 'ACENTRIC AND D]CENTRIC CHROMOSOMES IN 
2 , 4 - D TREATED FOR^•S 
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REGRESSION BETWEEN POLYPLOIDY AND CHROMOSOMAL BREAKAGES IN 2,4-D 
TREATED FOR>AS 
revealed a positive correlation between these two 
abnormalities. Statistical analysis by regression 
equations having the values +0.775 ( F ), +0.918 ( F ) and 
1 
+0.972 ( F^) are near to +1, indicating a strong positive 
correlation. The Lv/o parameters increased with 
concentrations and treat.iient respectively as shown in 
Table-3. 
Similar studies in human cell cultures, though 
cannot be extrapolated in the present study, however may be 
interesting from academic poini: of view. The dimethylamine 
salt of 2,4-D (0.4 mg/nil ) increased the frequency of 
chromosomal aberrations in a hjman lymphocyte culture, Wild 
et. al (1975), reported the effect of various concentration 
in chromosome type aberratiions, while Yoder et . al (1973) 
demonstrated that not only c le mean number of chromatid 
breaks rose more than four fold, but also the maximal 
number of aberration scored ir a single person rose from 3 
to 6. In our exper inentr. the frequency of breaks 
notwithstanding the sterility/ rose to 8, 4 and 5 folds 
through successive generat ionr. in the treated forms, thus 
showing the severity of ths efcect of 2,4-D. 
In some of the sti'.diej. made by Pilinskayi (1974, 
1976) and Yourchenko (1977) ard Styles (1973) in mice, the 
same phenoiiiGna was observed. The number of aberrant 
metaphases, the chromosoiie aoerrations as well as number of 
lesions per metaphase were significantly enhanced. 
2/4-D is known to induce chromosomes aberrations 
in plants/ both in vivo and in vitro and to affect selection 
pressure to favour specific ploidy. (Wau and Grant, 196^, 
1967; Bavliss, 1973: Maiumdar and Hall, 1973; and Kumari 
and Vaidyanath, 1989). 
B. Effect of 2,4-D on mitotic index; 
To know the effect of 2,4-D on mitotic rate 
and the extent to V\hicl- it was beinq affected/ 
mitotic index is studied in detail. For this purpose 
mitotic slides prepared from brain squash were 
carefully observed and 188967 cells were utilised 
to find out the percentage mitotic index (Table 
4) . Inhibitory effei::c of 2,4-D by various concen-
trtions has been summarized in Figure 5. 
The most serious effect of 2,4-D is inhibition 
of mitotic rate. Thus mitotic index in control 
(87.15%), shows a gradual and retarding trend in 
F • 80.38%, 78,49%, 72,2^%, 50,38%, and 44.01% in 
ascending concentrations irrespective of time of 
treatment. This trend is quite elaborately 
demonstrated in Figure 5, along with F„ and F_ 
Generations. As a result, in all the treated 
generations the mitotic index activity is well below 
the normal: 87,15%. The most profound and direct 
effect of 2,4-D is seen in 75 and 100 ppm in F, , 
similar studies in F_ and F- could not be made due 
to sterility induction. The value as low as 50.59%, 
& 50.17%, and 46.53% f, -=1.49% for 2 and 4 hours 
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DECREASING TENDENCY OF MIIOTIC INDEX DEPENDING ON 
CONCENTRATION AND DURATION OF2,4-D TREATMENT-
treatment respectively is hiqhliqhted by a stronq 
dio in the mitotic acti\'itv to the tune of less 
than half (Fiq. 5). 
It is well established that initial chemical 
damaqe induced by most of the chemicals is subse-
quently manifested at the level of cell orqanelles 
and whole cells. The damaqe may involve only 
portions of cells sucn ae nucleus and chromosomes, 
or membranes, or mitoc:hondria, or certain metabolic 
processes, such as enei-qy metabolism; DNA replication 
(H?aq et al 1975 and Preiss et al, 1972) or even 
the synthesis of RNA (Watanabe, 1973). Present 
studies thouqh could not be extended to meiotic 
tissue, other reports anply indicate a similar 
phenomena in different rate. 
The present findinqs are at variance with 
the earlier reports (MeLchers and Berqmann 1959, 
Bayliss, 1973). Such a comparison, however, had 
a limited validity since the results were obtained 
from plant material such as root tips and 
differentiatinq culture cells. 
Another noteworthy work done by Seller (1978) 
showed an opposinq effect of 2,4-D to the present 
study. Seller reported that all concentrations 
of 2,4-D stimulated mitosis; the enhancement of 
mitotic Index attributable to an Increase in prophase 
cells . 
C. Micro-nuclei test Ifor the mutagenic potentiality 
of 2,4-D: 
The micronuclei [MN) testinq procedure, 
developed by Schmid (1971, 1973) and Matter (1971) 
has a number of advantaqes over chromosomes analysis 
method. In the monitorirq of chromosome breakaqe, 
the test is at least as sensitive as the metaphase 
method,* in addition to the effects on the spindle 
apparatus. These facts render the micronuclei test 
(MN) hiqhly suitable for routine toxicoloqical 
screen inq • 
In anaohase, acentric chromatid and chromosome 
fraqments lag behind when the centric elements move 
towards the spindle aoparatus. After telophase 
the undamaqed chromosomes, as well as the centric 
fraqments, qive rise to reqular dauqhter nuclei. 
The laqginq element are included in the dauqhter 
cells too, but a considerable proportion is 
transformed into one or several secondary nuclei 
which are, as a rule, mjch smaller than the principal 
nucleus and therefore micronuclei. These are the 
results of chromosome aberration in surviving cells. 
Micronuclei test performed as a function of 
chromosome damaqe to the sensitivity of 2,4-D on 
usual concentration ard duration yielded interesting 
results/ (Table 5; Fiq , 6 ) . 
Percentaqe prol'iies of micronuclei obtained 
in control out of a larqo sample of cells studied, 
0.58, show over and above increase of 7.45, in 
concentrations from 1 opm to 100 ppm. The 
correspond inq fiqures frcm 2.05 to 4.20 (F„) and 
3.04 to 5.33 (F^) upto "-0 ppm also prove the same 
point, althouqh the data with 75 and 100 ppm could 
not be obtained follov^inq complete sterility and, 
therefore, excluded. F.cwever, it can safely be 
concluded that an upward trend of percentaqe 
chromosome damaqe can no: be ruled out in these 
forms too in the e/eot of fertility. In each 
qeneration and concantrat ion the micronuclei 
percentaqe was hiqher v^ iti 4 hourly treatment than 
2 hourly treatment. Thus, the fiqures 1.69-2.38, 
2.73-2.85, 3.11-4.63, 5.12-5 and 7.07-7.45 in F, 
prove the above point. Similar observations of 
F_ and F_ further confirm these findings, 
hiqhliqhted in Fiq.6. fn increasinq tendency of 
micronuclei frequency ir the three successive 
TABLE 5: THE FR] 
G e n e r a t i o n / 
C o n c e n t r a t i o n / 
Dura t ion 
P ^ : C o 
F ^ : C ^ 2 
0^4 
S52 
Ss'^  
So2 
So^ 
S52 
S5^ 
^100^ 
^100"^ 
F2 :C12 
C i 4 
C252 
^ 5 ^ 
So2 
Ss* 
p • 
^100 
F 3 : C ^ 2 
C14 
^ 5 ^ 
S54 
C5O2 
r • 
r • 
IQUENCY OF h 
CELLS IN 2 , 
IICRCNUCIEI IN INTERPHASE 
4-D TREATED 
Number o f 
T o t a l 
1130 
943 
1234 
756 
1039 
847 
524 
752 
1665 
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THE INCREASING FREQUENCY OF VilCRONUCLEI FOLLOWING 
2,4-D TREATMENT 
qenerations F,, F_ ^nd F^ after 2/4-D treatment 
in both 2 hourly ano 4 liourly treatments seems to 
be the qeneral rule. 
In an Allium root-tip-assay, treated with 
25, 50 , 75 and 100 puin of 2,4-D for 4 hour, the 
frequency of the micro-nuclei was estimated by Kumari 
et. al (1989). Occasionally binucleate cells and 
cells containinq micronuclei were observed unlike 
the present study where ncne of the binucleate cells 
could be detected. Althouqh a comparative study 
for muta^genic potential pf different chemicals was 
not einh^rked upon in .the present study, observations 
in this respect bv Kunari et al (1989) are 
noteworthy: mutagenic o?£ f ect iveness and efficiency 
of 2,4-D, reasonably excsed that of ethylmethane 
sulfonate (EMS). 
In similar studii?y done by Jenssen and Renberq 
(1976) on mice with 2,^-D; micronuclei test indicated 
negative results. This, as pointed out by Schmid 
(1975), these may be due to animals treated once, 
instead of twice as in tho normal procedure. Sinqh 
(1976), however, working with mammalian erythrocytes 
reDortGd no increase i'i .ni ::ronucleated erythrocytes -
the results completejV iuxtaposed to the present 
study -
D. Correlation between micronuclei (MN) and acentric 
fragments (AF): 
As is evident, the acentric fragment frequency 
is detGrmined at a point in time - usually a short 
colchicine metaphase accumulation - and therefore 
an 'instantaneous yielci' while the micronuclei 
frequency - whether determined at that/ or some 
other time - is a 'running average' is quite a 
diffeent parameter. We find oositive correlation 
between acentric fraqnientsi and micronuclei in five 
different doses in 2 and 4 hourly treatment of 2,4-D 
in three successive genip.-rat ions. This effectively 
shows a simple relatiorship between these two 
oarameters. Fig. 7 indicates a positive correlation 
between acentric fragment and micronuclei. The 
correlation coef f icien1:s are +0,40, +0.55 and +0.85 
in three successively treated generations. 
Savage (1989) first drew attention to the 
fact that on simple theoretical ground, fairly large 
discrepancies between acentric fragments (AF) per 
parent cell and micronuclni (MN) per daughter cell 
are not unexpected, even in ideal model cell 
populations. In vicia faba root tips, Evans et ^1 
FIG. 7 
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THE REGRESSION BKiWEET^  ACENTRICS AND MICRONUCLEI 
IN 2,4-D TREATED FORMS 
,^'-
'V 
(!959), like Scott ard Evans (1967), reported the 
presence of acentric fratjments and micronuclei in 
similar experiments. Many workers have shown 
radiation-dose-dependent FN profile in human blood 
lymphocytes (Pincu et ^1, 1984; Fenech and Morley, 
1985). Roberts and Morgan (1986) showed 
similar MN profile chanqes in Syrian hamster 
fibroblasts. 
E, Median lethal dose and lowest genetically 
effective concentraticp of 2,4-D: 
In a qeneral oDsarv^at ion, it was found that 
2,4-D is moderately toxic to mosquito larvae. 
In order to measure toxic and lethal effects, ten 
batches of hundred larvae each of first instar staqe 
were exposed to a ;:!eries of concentrations from 
160 to 1000 ppm. Observations on mortality for 
72 hours were carefully recorded. The survivals 
and mortality distribution of first instar larvae 
in different concentrations were utilized in LD 
50, and LEG calculations (Table 6 ) , 
It is clear that mortality profile sho^B an 
increasinq trend from 100 to 1000 ppm. At concen-
trations 1000, 900 and SCO ppm within 24 hours the 
loq concentrations and percent survival thereof 
showed that 50% mortality occurred in loq concen-
trat i o m f 2.75 i.e. 562.34 ppm (Fiq.8). 
Most of such studies with 2,4-D have been 
done with the mammals. ID 50 for different mammalian 
species have been stioiec ; in rat and doq it is 
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THE LD 50 DOSE DETERMINATION IN FIRST INSTAR LARVAE 
BY 2,4-D. 
found to be 668 to 805 and 110 ppin respectively 
(Gehring et al, 19''1 \ lARC, 1977; Matin et al, 
1977). In another study an isopropyl ester form 
of 2,4-D the LD 50 doses are 540 and 700 ppm in 
mouse and rat respectively (Seller/ 1978). These 
concentrations represent the values assuming that 
no reaction between 2,4-1) and medium is involved. 
Since no such study Is mtide in Diptera as a whole, 
the observations in this regard were thorough and 
interesting results were obtained. 
As stated earlier, LD 50 concentration of 
562.34 ppm ascertained mav tend to vary. It could 
be even lower because of the condition of the larvae 
before treatment. 
As it is in co'if ornity with earlier studies 
made in cytological observations, there seems to 
be a threshold for tiia induction- of chromosomal 
abnormalities, with no e^iparent effect of concen-
trations below 1 pom, but indicating 2,4-D to be 
a Dotent mutagen. *.qain, it would subsequently 
become clear by lat'?r studies on moroholog ical 
mutants in general and curved respiratory siphon 
(crs) in particular that the 1 ppm of 2,4-D increases 
the mutation frequency 4.5 times when compared to 
normal. There appears to be a relation between 
concentration and mutation frequency: both 
cytoloqical and morpholoqical . From the foreqoinq 
discussion, it is evident that LD 50 dose of 562.34 
oom is about 500 times greater than that of LEG. 
The possible cause for increase in mutaqenicity 
could not b'e fully explained. However, alkylation 
of an unknown non-DNA tarqet in the cell or the 
overloading of repair system miqht be some among 
others (Vogel and Leighi, ?.''73). 
GENETIC STUDIES: 
A. Formal genetics of irorphological mutants: 
Culex pipiens L. vras probably the first among 
mosquitoes on which genetic work was carried out. 
Huff (1927-35) described the susceptibility and 
refractiveness of Culex pipiens to Plasmodium 
cathemerium. Another pioneer work of genetic 
approaches on Culex wa;; initiated on autogeny 
(Roubau.3, 1933). Since then considerable 
research in genetics of mosquitoes has been directed 
towards isolation and characterization of mutants. 
Several mutants Involving almost every 
important part of the body, naturally occurring as 
well as 2,4-D induced, haye been isolated in Culex 
pipiens. The inheritance of more complex traits 
has also been studied. The following description 
enumerates all mutations, spontaneous as well as 
2,4-D induced which we.ce discovered during the 
'ourse of present study •( Please see Plate 2 and 3). 
1 
u 
PLATE:2. 
Dif fernet t ypes of l a r v a l mutants in 
2,4D t rea ted fo rms : cu rved c rs and 
normal r e s p i r a t o r y s iphon (A&B); 
mejlaftDilic, me l (C ) ; b lack band, t)j2 
(D) and a l b i n o , a lb ( E ) . 
. ^ - j j ^ : ^a j J i 'UMMM| 
A J 
V 
PLATE:3. 
Di f ferent types of Antennal , eye and 
whole body mutants in 2 ,4-D t rea ted 
f o rms : d r o o p , dan ( A ) ; Swol len swa 
( B ) ; Long p a l p a l , ^ 2 (C) ; b lunt b la 
(D) ; bulge eye , blcf (E) and d i s t o r t e d 
d i s ( F ) . 
1. crs: curved respiratory siphon (d^ novo) 
larval, inclnc.jd (2,4-D)/ recessive, 
autosomal, xvV\ penetrance, lethal in 
3rd instar. 
2. alb: albino ide_ no_vo) 
larval, indi.oud ( 2 , 4 - D ) , recessive, 
autosomal, full penetrance, slight 
variation in •.; A yression . 
3. mel: melanotic (reported) 
larval, r'^cessive, autosomal, full 
penetrance, slightly veriable 
expressivity, i;:hal 
4. u'kj: black band (refjorted) 
larval, vari(;cl genetic behaviour: single 
rare rececsssive jane/s spontaneous 
dominant, delayed lethal effects, prolong 
larval deve] Dpini-it , full penetrance and 
expressivity. 
dan: droop (reporti.>dj 
antennal, recessive, 
expression, 1 (.'thai 
condit ion. 
autosomal, uniform, 
in homozygous 
6. swa: swollen (repott.od) 
antennal, autosomal/ recessive/ uniform 
expressivity -
7. bla: blunt (reporled) 
antennal / recessive/ sex linked/ uniform 
expressivity. 
8. ] ^ : long fourth extra segment (de_ novo) 
antennal/ recessive/ autosomal/ varied 
expression. 
-^ big: bulged (repc^rted) 
eye/ monofsctorial autosomal/ recessive/ 
expressivity v:niform/ penetrance fair 
(90%). 
10. dis: distorted (reported) 
whole body, autosomal/ recessive/ 
plyotropic effects/ lethal/semi lethal. 
The inheritance pattern of d£ novo mutations 
4 
in 2/4-D treated forms ( crs , a].b / 1 p ) is shown in 
Table- 7. Crossing exjceriments used in genetic 
investigations were slightly different from those 
used for routine colony maintenance. Generally, 
two types of crosses were made i.e., mass crosses 
between five males and five females of the required 
genotype and phenotype and five replicates of single 
pair crosses utili:^ing brother-sister matings. 
Crosses involving mutant females and wild type males 
and vice versa produced only wild type individuals 
in F • progeny irrespective of sex. The E^ progeny 
of these crosses consisted of wild type and mutants 
in number close to a 3;l. ratio. Crosses between 
mutant females and F, rcrmal males and vice versa 
produced wild type and mutant offspring in almost 
equal numbers; while c:-;os3 3s between mutant x mutant 
rf 2 
individuals yielded only mutants as expected. 7v 
values calculated foe various results were well 
below the 3.84 at 5% level of significance with one 
degree of freedom, thus confirming the monofactorial 
autosomal hypothesis. 
More recently rany morophological mutations 
in Culex pipiens fatigans r.nvolving abnormalities 
of larval, anetennal, eye and whole body have been 
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widely reported. Guptavanij (1982) described blond 
(bl) and maroon eye j ma t: in larval forms, whereas" 
Dubash (1981) reported an extreme case where eye 
pigment found to be lacking altogether. Various 
other eye colors are: rod eye {r_) Haung et^ al , 
1981), golden yellow (cc_), green (c[_) , brown {br_) , gre-
yish brown {gb_) and dark (c.ia_) (Shetty, 1976). 
Quite a few antennal mutants, structurally 
different but having almost the same inheritance 
could be cited. Ali st. £.1, (1977) reported on such 
abnormality/ ca_, whicli unlike the beaded nature, 
resulted in reduction of the size of antenna due 
to less number of segmentt. 
Structural chan'-]e-3 in the eye in adults of 
Culex pipiens fati.g; r;.. are some of the most 
interesting morpholoc i c£i] changes. Defective 
ommatidia, as in the present case, resulting in 
elongation and consecj jent Ly causing bulge eye (bla) 
structural eye space (Asnan, 1984) and scripms in 
eyes (Trpis, 1979) ar«; all monofactorial , autosomal 
recessive. buch detects as a consequence of 
pleotropic effects are.' also reported; affected eye 
characteristics of dis is ,^ ne sich gene ( Ahmad, 1980 ) 
B. Overall frequency estimetes: 
An attempt was made to evaluate the overall 
frequency estimates of various morphological mutants 
during the successive treated generation and 
comparison vis-a-vis normal in every case. As 
evident from Table - 3 , in no case the number of 
individuals with a particjlar abnormality declined. 
Frequency in control forina , taken as a base, show 
the rising number of a particular mutants in every 
case. This effect is n,ost outstanding in crs / hence 
their trend is dealt separately in the following 
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C. Frequency Distribution and Test Statistics of 
era: 
For analysing the mutation frequency and test 
statistics ^, curved reapiratory siphon (crs) 
illustrated the trend quits clearly. Table - 9 shows 
the frequency of crs in varying concentration and 
duration of 2,4-D. £n control group the mutation 
frequency is very low i.e. 0.02; this, however, 
increases to 4.5 times in L ppm (2 hrs), and 12 folds 
(0.24) in 100 ppm (4 nrs) group. In Fy ' the 
corresponding frequency of 0.15 in 1 ppm (2 hrs) 
is about 7.J time greater than control, show the 
same upward trend as alsc in all groups of F^  ; 
the highest frequency of 0.28 is observed in F^  
generation in 50 ppm .'2 hrs) group (Fig. 9 ) . It 
seems, therefore, the increasing tendency of crs 
mutants depend upon the concentration and duration 
of treatment and that there is an indication of 
cumulative effect of suc:cessive treatments, thus 
maximum number of crs incividuals are scored in Fo 
in highest concentration group. Next highest 
frequency of 0.25 (50 ppnr-2hrs) and 0.24 (100 ppm-2 
and 4 hrs) is obtained respectively in Fj and F-^^  
TABLE 9: FREQUENCY DISTRIBUTION 
OF 
Generation/ 
Concentration/ 
Duration 
P, :Co 
F^:C^2 
^1 ^ 
C252 
C254 
C752 
0^54 
C 2 
^100 
F2:Ci2 
C^4 
C252 
C254 
So2 
F3:C^2 
C^4 
C252 
C254 
^502 
' crs MUTANTS IN 2, 
Number 
of larvae 
(N and N ) 
c e 
100 
c 
0 
•H 
c 
U 
C 
0 
u 
(0 
(U 
c 
•H 
0 
0 
233 
332 
130 
242 
90 
358 
273 
165 
275 
85 
Mutant 
record 
(M and 
c 
2 
9 
7 
12 
1 2 
18 
16 
18 
20 
24 
24 
3 7 
54 
'21 
4J 
? " 
61 
53 
23 
44 
24 
AND 
4-D 
ed 
TEST STATISTICS 
TREATED FORMS 
% frequency 
0.02 
0.09 
0.07 
0.12 
0.12 
0.18 
0.16 
0.18 
0.20 
0.24 
0.24 
0;15 
0.16 
0.16 
0.17 
0.25 
0.17 
0.19 
0.13 
0.16 
0.28 
Test 
Statistics(/>) 
_ 
1.81 
1.33 
2.40 
2.40 
3.35 
3.06 
2.40 
3.62 
4.16 
4.16 
3.21 
3.31 
3.15 
3.49 
4.26 
3.43 
3.72 
2.89 
3.25 
4.54 
Co - control; C- various concentrations 1,25,50,75 and 
lOO(ppm); Superscript - 2,4 hrs treatment. 
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generations . 
Whether or no1: the mutation frequencies 
mentioned above are statistically significant:? 
Design and analysis along the lines of Katk formula 
were adopted to answer the above query (1978). This 
method has been successfully used in calculating 
the likelihood of a chemical being mutagenic. The 
main objective is to determine whether a chemical 
significantly increases this mutation frequency above 
the spontaneous rate or no:? It takes the following 
points into account: 
Ne - Number oil in3ividuals in experimental 
group 
Nc - Number of Lndiv/iduals in control group 
Me - Number ol; nutation in experimental 
group, and 
Mc - Number of inutazion in control group. 
The following hypothe.'sis was performed as under: 
Ho: ue = uc 
Hj^  : ue >- pc ; 
where rejection of Ho and acceptance of H. implies 
that the chemical is mutagenic. The above test 
statistics is approximately distributed as the 
standard normal distribution/ if Ho: ^e = JJC is 
corrected with a significant level of 5%, critical 
value is ^ 1.64. lonc ? one would reject Ho: u^e 
uc and accept HI: pe >-/ic only if ^ ^ 1.64. 
However/ to facilitate: later derivation/ a different 
test procedure is adopl-.ed (Elandt/ 1971). The 
procedure associated with this test is: 
(Me/Me + Mc^ - |•Ne/^ e+Nc) - (l/2(Me+Mc') 
\ 
CNe/Ne+Mc)x(Nc/Ne+Nc) 
M a + IN. c 
where 1/2 (Me + Mc) in the numerator is a correction 
for continuity. 
The results of abcve calculations 0-values 
in all the 2/4-D treated replicates are summarized 
in Table 11. It can rciadi.'.y be seen that the values 
of (/} is greater than L.64 except in 1 ppm (4 hrs) 
replicate. ThiS/ together with the genetic analysis 
of iiuieritance patt'Srn , clearly establish the 
mutagenic properties ol: .', ,4-D in Culex pipiens 
fatigans. This hypothasis is further substantiated 
by cytogenetic studies msntioned elsewhere in the 
course of present study. 
Effect of 2,4-D induced mutagenicity has been 
widely reported in various animals. In Drosphila 
it is conflicting; Wliile Vogel and Chandler (1974) 
demonstrated no mutaqeuio effect, the result of 
Magnusson et al* (197'') showed a definite mutagenic 
tendency of 2,4-D. Thus the number of mosaics and 
sex-linked traits revealed as lethals in F- reached 
a significant level , and the pooled data from F 
and F p showed 2 to 3 fold increase over the 
control. Hov/ever / sin::e Vogel and Chandler tested 
only the direct effects in F, generations, the lack 
of sex-linked recessi.ve lethals produced by 2,4-D 
therefore, is not very surprising. 
DEVECOPMENTAL EFFECTS AND REPRODUCTIVE POTENTIAL: 
A. Effects of 2/4-D in larval development: 
Time to oupaticn was taken as the criterion 
for the rate of develoonient on the total larval 
duration. The larvae were allowed to qrow in rearinq 
medium after 2,4-D treatnent. Controls were also 
made under identical conditions. Time to puoation 
was counted from the day of hatchinq in every case. 
As soon as pupation started, pupae were collected 
in every 6 hours intGr\,£l and the time taken for 
Dupation by each larval instar was recorded for 
all concentrations (Table 10). 
Observations or, larval developmental time 
as a result of 2,4-r Treatment reflect the slowing 
down of the developmo-ital process. Normal duration 
nf 183.60 ± 0.93 ]\C3. (ranqe 168-192) is thus 
increased by 20-49 }jrs. in the treated forms, as 
also reflected in increase in the staqe of larval 
development in all the series. Since complete 
sLeLiliLy is induced in ^^, beyond 5 ppm / as also 
T n F^, t;herefore, oorr ?SDond inq data of three 
generations comprising concentrations of 1, 25, 
TABLE- 10: THE EFFECT OF 2,4-D 1 Nl LARVAL DEVELOPMENT 
Generation/ 
Concent ration/ 
Duration 
LAF.VAL DURATION 
( M + S . E; ; Range (hrs) 
Co 183.60 ± 0,93 168 - 192 
:C, 2 
C^4 
C252 
C254 
C 2 50 
So^ 
C,32 
C 4 7 5 
C 2 
^100 
^loo"^ 
:C 2 
Ci4 
C252 
^25^ 
C^3*/C 
203.86 
204.50 
211.19 
212.40 
221.92 
224.14 
223.76 
224.14 
223.31 
2 2 5.30 
224.45 
227.08 
228.00 
232.14 
231 .38 
i 
+ 
1: 
+ 
+ 
+ 
± 
± 
j. 
-J. 
+ 
+ 
+ 
+ 
... 
C) 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
C) 
0 
0 
1) 
46 
56 
53 
61 
.48 
66 
,88 
.88 
,31 
7 7 
.31 
.56 
,93 
.68 
, 18 
198 -
198 -
204 -
204 -
216 -
216 -
216 -
216 -
216 • 
216 -
216 -
216 -
219 -
219 -
219 -
- 209 
- 211 
- 218 
- 220 
- 224 
- 240 
- 228 
- 240 
- 231 
- 240 
- 230 
- 240 
- 243 
- 243 
• 243 
100 
:C,2 
Ci4 
^25 
^25^ 
C 2 50 
C * 75 
c * 
100 
2 2 4.7!) 
227.93 
228.76 
233.19 
232.16 
± 0.51 
± 0.66 
3: 0.81 
i 0.53 
± 0.78 
219 -
219 -
219 -
219 -
219 -
240 
240 
243 
244 
245 
Co - control; C - various concentration in 1,25,50,75 
and 100 ppm, Superscript 2 or 4 hrs treatment, 
* - sterility. 
50 Dom in both fcvof^fi cf duration when compared, 
showed a rnarqinal to cc'ii;; i derable increase; 221.90 
+ 0.48 (F^), 231.38 t il.'S ( F^ ' '^""^  232.16 ± 0.78 
I'F^). Similar fluctuations are seen in the ranqe 
of larval development t in.f-
A careful observation of the same results, 
shown in Fiq. 10, cnnfirm the earlier hypothesis: 
the time taken to ouoation is directly oroportional 
to the concentration and has retarding effect on 
devHlupiiieii L . nowever, ir.creane in development time 
in two and four hourlv s^Ties with the same concen-
tration is marginal nnd quite contrary to the 
expectation with respect :o other structures. These 
fiaures are 204 -205 (1 ppm), 211-212 (25 ppm), 
222-224 (50 ppm), 22^ l-2:^ 1 ("5 ppm), and 223-225 
hrs. (100 ppm) in F, . Tl-i<> same trend of neqliqible 
difference in two durations continued in F_ and 
F^. Thus while concen i: t at . on is found to be a major 
factor in variation of larval development and 
punation time, howeviBr duration of treatment seems 
to have no bearinq in development. 
Khan (']Q7'^) whilf nsinq chemoster i lants, 
metapa, heinpa and ^^iotepa/ made parallel 
observations in Culex pDpens fatiqans. A possible 
FIG. 10 
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THE EFFECT OF 2 , 4 - D ON LARVAL HCVPICPMENT 
exDlanation for this iifferential effect on larval 
develooment in the present study and similar 
obsrvations made eariier, could be depenedent on 
the rate of oenetration of these chemicals. There 
seems to exist a correl at. ion between dose-duration 
and development period. 
SchwGtz et . al (1970) reported 2,4-D induced 
retardation and d isturbancf'^ in embryonic development 
in rats, mainly due to i-(,>tarded bone ossification. 
Whether these changes ai'c siqns of embryotox ici ty 
or teratogenicity is (disputed by many (Collins et . 
al, 1971; Khera et . .1J , 1971 and Schwetz et . al, 
19''0''. Teratogen ici 1: / oi 2,4-D is also reported 
by "ark (1969), where similar differences in response 
to different 2,4-D Ksl:e't preparations have been 
observed in many insects. 
B. Ef fec t s of 2 , 4 - D on v . ap roduc t ive p o t e n t i a l : 
F e c u n d i t y : 
Observations wich vespect to fecundity and 
sterility are summarizeii in Table - 11. 
One of the most profound effect of 2,4-D in 
the treated forms is :he induction of sterility, so 
obvious in 75 and 100 ppui concentration in both types 
of duration; this however was not found in 50 ppm 
(2 hrs) treatment group. Other replicates of the 
same concentration wit:i •! hrs treatment showed the 
sterility. Hence, as a result, there was no Egg Rafts 
(ER's) obtained in these jieries. High frequency in 
control (0.8) for fecundity^ declines gradually and 
steadily from 0.45 to 0.27, which is half or even 
less in all the treated forms of F^ • The maximum 
effect of 2,4-D is recordiid in F2 generation after 
the second successive creatment, where it shows a 
new low i.e. 0.14. However, in F^  generation, which 
is the result of third successive treatment present 
a near reverse trend and a remarkable recovery in 
terms of egg laying occ:jrs. The figures rise to 0.75 
and 0.72 in 2 and 4 hcui-ly treatment respectively 
in 1 ppm, matching closely to untreated forms. 
TABLE - 11: THE EFFECT OF /ARIOUS DOSES OF 
2,4-D ON FECCNDiaY AND HATCHABILITY 
Generation/ 
Concentration/ 
Duration 
P^:Co 
F • C 2 1 1 
Ci4 
C252 
C254 
So2 
So^ 
S52 
C^34 
r. . .2 
iUU C 4 100 
F2-Ci2 
C^4 
C252 
C254 
C 2 
F3:C^2 
Ci4 
C252 
C254 
C5Q2 
Blood 
mealed 
female 
0.25 
0.16 
0.12 
0.10 
0.14 
0.04 
0.09 
0.06 
0.04 
0.00 
0.04 
0.09 
0.05 
0.12 
0.11 
0.11 
0.02 
0.04 
0.09 
0.03 
0.08 
Egg 
rafts Hatchability 
0.80 
0 
0 
0 
0 
0 
.45 
.36 
.40 
.37 
.27 
s 
s 
s 
s 
s 
0, 
0, 
0, 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
.38 
.36 
.37 
.27 
,14 
,75 
.72 
,50 
,44 
37 
85.00 
58.25 
41.50 
32,50 
30.25 
30.00 
S 
S 
S 
S 
S 
57 
54 
21 
43 
23 
51 
53 
23 
44 
24 
Co - Control; C- various concentration in 1/25,50,75 
and 100 ppm; Superscript; 2 to 4 hrs treatment 
*S - steril ity . 
However, figures of 0.5G, 0.44 -and 0.37 in F3 , 
though low in 25 and S3 ppm concentrations, yet show 
a steady recovery compai-ud to earlier generations. 
This trend could further 02 seen in Fig. 10. Could 
this recovery be attributed to the phenomenon of 
resistance, so oftly seen v/ith many chemicals? 
Though results are not corclusive, and more studies 
are to be undertaken, to confirm this fact, yet the 
established genetic re.'sistance to many chemicals may 
point to the resistance with. 2,4-0 as well. 
Hatchability: 
Developmental effect, on hatching were equally 
revealing (Table 11). It shov/s a decline in as much 
as 58.25 to 30.0 in P^ ., 57.0 to 23.0 in F2 and 51.0 
to 24.0 in F ., ; in el J ;he series v/ell below the 
85% of normal. However', •'-. closer look of the figure 
12 revealed that upper anr3 lower limit of hatching 
Vs'hen considered irrespoct L ;e of the first, second 
and third treatments, fluctuated closely on either 
side of 50%. There seens :hus, no cumulative effect 
as far as hatching :.3 concerned in any of the 
successively treated thrf>e generations. 
Blood feeding: 
The general profile af blood feeding in treated 
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forms while showing tha m:.nor variations among each 
group/ confirms the fact that blood feeding ability 
is on a steady decline (Fig.13). The reason for this 
being so, is however without comprehension, as no 
abnormality was found associated with the mouth parts 
to hamper the blood J;eed;.ng phennmsnon and hence, 
it seems to be mctce behavioural rather than 
morphological effect of 2,4-D. 
Reproductive effects due to various chemicals 
are quite common in iiosqi itoes . The reproductive 
effects of metapa and hempa in larval stages of Culex 
p i p i e n s fatigans has oeen reported by Khan (1973). 
Apholate and thiotepa iuducod high sterility in Aedes 
aegypti and Anopheles quacrimaculatus , are reported 
by Weidhass (1962), Dame et. al (1974). Study thus 
confirms the earlier pl^enomenon of sterility with 
various chemosterilants .is I i 2,4-D. 
2,4-D induced sterility nonetheless are widely 
quoted in plants as well. A very high frequency of 
sterile pollen is obssrvec in oryza sativa by 
Kumari and Vidyanath (]')S9). Khalatkar and Bhargava 
FIG. 13 
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CONCENTRATION 
EFFECT OF BLOOD FEEDING IN 2 ,4-D TREATED FORMS 
(1982) reported teratogenL: potentials of 2,4-D in 
the form of morphological alterations in the seeds 
°^ --y-5 sativa . T'av.or (1946), Thimann (1951) and 
Sharman (1978) ment ir.r'iu-] occasional morphological 
imbalances provoked by 2,4-U. 
SUMMARY AND CONCLUSION-
The effects of 2,4-D in Culex pipiens fatigans 
were studied in appro;pria:e concentrations from 1 
ppm to 100 ppm in 2 and 4 hrs. durations. While 
concentration below 1 pprn being insignificant hence/ 
not considered; some hic-her concentrations were 
either lethal in larval stages or caused sterility 
upon treatment. The max.mum genetic / cytogenetic 
and developmental effects were noted in 1-100 ppm 
concentration. Observations on the median lethal 
dose (LD 50) determined 562.34 ppm is effective 
dose. Effects in terns of genetic/ cytogenetic and 
development aspects noted 1-100 ppm are presented 
below: 
A. Cytogenetic effects; 
(1) The chemical 2,4-D has the potentiality of 
induction of gerfitox Lcity at the chromosomal 
level in the form of chromosome breaks , 
fragments/deletion, r;.ngs, dicentrics, gaps, 
stickiness and colyloidy- the per cent 
frequency as a \''hoi6 being 22,7. The study 
established the cjnulative effect of the 
cytological abnoriric'.lit ies in successive 
treatment. 
(2) The mitotic rate is significantly reduced by 
this chemical to the extent of half of the 
normal rate in SO)TI2 concentrations. This, 
however, is always low, as a rule in treated 
forms. 
(3) Micronuclei test, .-iieen as a function of 
mutagenicity in terris of chromosomal breaks 
adequately indicated 2,4-D to be mutagenic; the 
frequency gave the f-ercentage to the tune of 
7.45. This ind •. cuic^ ss a significant increase 
in chromosomal aberration in the surviving 
eel Is. 
B. Genetic effects: 
(1) Screening of morfphological mutants in treated 
forms resulted ma.iy mutations as found in normal 
populations. Out of ••.otai 10, three new mutants 
(crs , alb / Ip^ ) liave been discovered. Crossing 
experiments showod all of them to be 
monofactorial / ctutosomal recessive/ with 
variable experess:. vity; crs being lethal. The 
other already reported mutants rediscovered are: 
mel / bb / dan, swa, t la / big / dis , in larval/ 
antennal and whole body in nature. 
(2) Overall frequency est;.mates of all the mutants 
discovered show a rising trend through F, to F 
in all the treated sf;ries. This trend is more 
striking in crs. .Separate studies on nature of 
frequencies in crs were made. Results • are at 
variance with other mutants and confirm the 
rising profile of frequencies. 
(3) The test s ta t is t ics ^> were calculated, taking crs as an 
example in various ccicent rations of 2/4-D. In all the 
hypothesis: 2,4-D is mjtageiic. 
C. Development effects and repraductive pcjtentiality: 
(1) In all the treated forms the larval stage is 
considerably prolonged, when compared with the 
control. This effect is found to be more 
pronounced in third generation in 50 ppm group. 
Developmental period prolonged as much as about 
50 hrs over and above the control (183.60 + 0.93 
hrs.). Complete sterility is observed in F 
beyond (4 hrs.) group following first treatment. 
(2) Chromosomal imbalances and delayed repair 
mechanism could be the most plausible reason. 
(3) Effects on fecunclity are comparatively more 
obvious. While hatching remains more or less 
unaffected in F to F generation; fecundity 
show a gradual but steady decline. The reason 
seems to be physiolccical than behavioural if 
observation on blcod feeding phenomenon is also 
taken into account . Partial answer to reduced 
fecundity could be the significantly reduced 
blood feedi-ng behaviour. 
Recommendations: 
More recently when genetoxic and mutagenic 
effects of 2,4-D are eiitablished and that continuous 
and wide-spread use o (: this chemical might bring 
an undesirable variation/ affecting the genetic 
purity of the individuals, including man, a few 
recommendations shoulci I'lelp, on the one hand, to 
minimize exposure anc thus eventual risks, and, on 
the other hand, to gener-ate an interest in these 
studies, that is necessary, in our view, to permit 
one to exploit benefits to man. These are: 
The use of 2,4-D shou'LS be restricted to such 
areas where their applLcation can be strictly 
controlled. 
For mutagenicity test, in living systems, the 
target concentrat :.'.on of 2,4-D should be 
measured which are vrry useful in genetic 
testing systems. 
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